The Relativistic Heavy Ion Collider, now in construction at Brookhaven National Laboratory, will use phase controlled power converters for the main dipole and quadrupole magnet strings. The rectlfers in these power supplies will be controlled by a dgilal regulator based on the TI 320C30 Digital Signal Processor (DSP). The DSP implements the current loop, the voltage loop, and a system to actively reduce the sub-harmonic ripple components.
The timing for the system is derived from a PLL that is locked to the power line frequency on the secondary side of the rectifier transformers. This PLL develops a 2.949120 MHz clock that is used in counters in the digital firing circuit. Ths clock drives a reference counter and a command counter and provides a firing resolution of 7.324219 millidegrees. The reference counter is modulo 49 152 and therefore wraps around once for every power line cycle. The command counter is modulo 4096 and wraps around once every 30 degrees of the power line cycle. The reference counter is loaded with an offset count in such a way that the zero of the counter occurs at the full rectlfy point of one of the 12 phases. The command counter is loaded with an offset once every power line cycle and its 0 coincides with fill rectlfy of a phase every 30 degrees. The 4 MSBs of the reference counter are decoded to provide 12 time intervals called "slots". For each slot there are four pairs of SCRs that may be fired. The first pair in each slot is active from 60 to 90 degrees, the next from 90 degrees to 120 degrees, the next h m 120 deto 150 degrees, and the last from 150 degrees to 180 degrees. Each slot is divided into 4096 dlscrete firing times by the command counter. The DSP develops a 14 bit command word, this command word is based on 16384 firing times in 120 degrees of angle. The 4 MSBs from the reference counter select which slot will be fired next, whde the 2 MSBs of the command word are decoded to select which of the four pairs of SCRs in that slot will fire. The selected slot is also encoded to provide the address for the proper sub harmonic correction stored in the dual-port ram. The 12 LSBs of the command word are compared with the command counter to fire the selected SCR pair. Ths method frees the DSP from keeping track of what SCR pair should fire.
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The control loop consists of an inner voltage loop and an outer current loop. The two loops are similar and the discussion of the voltage loop applies to the current loop as well.
The voltage is sampled at the input to the ripple filter to provide maximum bandwidth. After an anti-aliasing filter the voltage is digitized at 1 1520 Hz. This provides 16 samples during each phase. The blocks of 16 samples are aligned so that each block straddles two phases. Each block of 16 samples is integrated with a digital integrator. This provides rejection of the 720 Hz ripple frequency and its' multiples. The voltage data is filtered using a 20 pole elliptic filter and then downsampled by a factor of 16 to match the sample rate of the power converter. The feedback is then compensated with a digital Proportional-Integral (PI) section. The output from the PI section is used to compute a count for the digital firing circuit. Ths count is proportional to the desired firing angle, and during this calculation the power converter's transfer function is linearized. This allows the power converter to be modeled as a Digital to Analog Converter (DAC) with a sample rate of 720 Hz.
The current loop differs only in its' front end. The current command is sent to the regulator via a serial bus from the control system at a 720 Hz rate. This command is in 24 bit unipolar format. The regulator converts th~s to an analog voltage. The feedback for the current is derived from a Direct Current Current Transducer (DCCT). The DCCT's output is in the form of an analog voltage, this voltage is subtracted from the command DAC's voltage. Hz of frequency resolution in each frequency bin. The Goertzel Algorithm is used to implement both the DFT and the IDFT. This method avoids storage of the twiddle factors and allows calculation of only the subharmonic frequencies. The subharmonic corrections are sent to the dual port ram in the digital firing circuit and correct the overall h g time calculated by the DSP. Testing indicates the 360 €Iz subharmonic can be reduced by 60 dl3 using this type of system.
